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ABSTRACT 
Annually, several million tonnes of waste are produced from reworks, demolition, and 
use of substandard materials. Building Information Modelling (BIM), a digital 
representation of facilities and their constituent data, is a viable means of addressing 
some concerns about the impacts of these processes. BIM functionalities can be extended 
and combined with rich building information from specifications and product libraries, 
for efficient, streamlined design and construction. This paper conceptualises a framework 
for BIM-knowledge transfer from advanced economies for adaptation and use in urban 
development works in developing nations using the Sydney Down Under and Lagos Eko 
Atlantic projects as reference points. We present a scenario that highlights BIM-based 
lifecycle planning/specifications as agents of sustainable construction (in terms of cost 
and time) crucial to the quality of as-built data from early on in city development. We 
show how, through the use of BIM, city planners in developing nations can avoid high, 
retrospective (and sometimes wasteful) maintenance costs and leapfrog infrastructure 
management standards of advanced economies. Finally, this paper illustrates how BIM 
can address concerns about economic sustainability during city development in 
developing countries by enriching model objects with specification information sourced 
from a product library. 
 
Keywords: BIM, Lifecycle Planning, Specifications, Sustainable Construction, Urban 
Modelling. 
 
INTRODUCTION 
Brundtland (1987) defines sustainability as "development that meets the needs of the 
present without compromising the ability of future generations to meet their own needs". 
While there is some value in this definition, it does not clearly highlight what constitutes 
the needs of the present (Blackburn, 2012). Contextually, therefore, this paper identifies a 
current need of the construction industry as a design and construction framework which 
promotes economic sustainability through lifecycle planning aimed at reducing cost and 
time overruns (waste). In this paper, we aim to show how Architecture, Engineering and 
Construction (AEC) stakeholders can leverage the functionalities of product libraries to 
embed sustainable building specifications within Building Information Modelling (BIM) 
authoring tools.  
Building Information Models (BIMs) are digital, data-rich representations of buildings 
which result in reduced construction time and costs, and find application in enhancing 
team collaboration and Facilities Management (FM). The value of BIM to the 
construction industry is clear from recent trends showing policy-frameworks that mandate 
BIM-supported construction procurement and implementation (Khemlani, 2013; Rezgui, 
Beach, & Rana, 2013). Such support is consequent upon well documented BIM benefits 
including:  visualisation (Drogemuller, 2009), clash-detection, collaborative/team work 
and even disaster response (Drogemuller, 2013). Beyond these applications, however, the 
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functionalities of BIM are useful for maximising waste-reduction during the design stage 
(Hamil, 2013) through early involvement of Architects and Contractors (Osmani, Glass, 
& Price, 2006). 
Research efforts show that key aspects of sustainability, as it relates to waste during 
design and construction, are: time, cost and quality  (Osmani et al., 2006) and there is 
evidence that a major cause of these wastes is misinterpretation of specifications 
(Oyedele et al., 2013). Traditionally viewed as intrinsic constituents of building contracts, 
specifications are crucial to building design and construction. Until recently, however, 
specifications have been used almost exclusively as reference documents with little 
regard for their impact on the whole building lifecycle (Rosen, Kalin, Weygant, & 
Regener Jr, 2010). As a result, in instances where project team members have only little 
experience to fall back on (NATSPEC, 2013a), bad implementations which differ 
significantly from initial project plans  are commonplace (Khosrowshahi & Arayici, 
2012). Therefore, efforts geared towards reduction of construction waste during project 
conceptualisation and execution must accurately integrate clients' specifications into 
planning and design so as to efficiently respond to project changes in a timely and cost-
effective manner. 
Specifications must, therefore, be accurate if building design and construction is to meet 
cost and time objectives set by project stakeholders (NBS, 2013a). In view of increased 
awareness of the necessity for sustainable practices in the global construction sector, 
therefore, it is useful to map out strategies earlier on during project planning, to ensure 
that the results of design and construction meet clients' specifications and are sustainable.  
LITERTURE REVIEW 
Problem Overview 
"By reducing the creation of waste on site a project can better meet its 
sustainability goals". (AIA, 2008) 
The challenges faced in the construction industry have been articulated in various reports 
(Business and Enterprise Committee, 2008; Egan, 1998; Latham, 1994). As a result, 
construction stakeholders have adopted various strategies in a bid to address some of such 
challenges and Building Information Modelling (BIM) is one of the more popular 
response strategies. In the paper, BIM - a driver for change (Watson, 2010), some key 
problem areas, like construction waste, highlighted in the Egan (1998) report which can 
be adequately addressed through BIM adoption were highlighted. Similarly, Hamil 
(2013) argues that the construction industry can effectively realise waste-reduction 
through the use of well-structured BIM information in decision making during design 
with flow-on effects necessary for achieving economic sustainability. 
Three recurrent problem areas in the construction industry of considerable significance 
are: construction costs (Hwang, Thomas, Haas, & Caldas, 2009; Love & Li, 2000), time 
(Love, Mandal, & Li, 1999), and reworks. The relationship between the three variables is 
a direct one and, there is evidence that reduced construction costs and time have been 
achieved on various projects as a direct result of BIM adoption (Suermann & Issa, 2009). 
This paper argues that, notwithstanding productivity gains through BIM adoption, further 
savings in cost and time can be realised from an integrated specifications strategy which 
embeds specification information in BIM models. Thus, this paper, draws a distinction 
between non-integrated and integrated specifications (BIMSpecs) (Kalin, 2011), 
emphasising BIMSpecs as key to achieving further savings in cost and time in building 
design and construction. 
Specifications are the written representations of material quality together with all 
associated workmanship necessary for project completion (Potter, 2002). This [non-
integrated] concept of specification, however, does not adequately meet the needs of an 
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industry that is evolving through increased adoption of IT-based approaches like BIM, 
even though specification information constitute a significant aspect of BIM-Information 
(Rosen et al., 2010). Hence, systematic transition from the use of non-integrated 
specifications to BIMSpecs is crucial if the construction industry is to further realise the 
potential benefits of BIM adoption. Figure 1 illustrates a conceptual representation of the 
proposed shift from non-integrated to integrated specifications framework. 
 
Figure 1: Conceptual representation of approaches to model-specification interaction. 
As illustrated in figure 1, due to current gaps between specifications and building models, 
resources consumption when BIM and specifications are separate processes far outstrip 
resource consumption when both processes are part of an integrated (BIMSpecs) whole. 
Therefore, this paper posits that it is economically more sustainable for specifications to 
be embedded in Building Information Models. 
Specifications are integral to BIM lifecycle planning (Dawood & Iqbal, 2010) and impact 
the BIM lifecycle phases (Vasquez & Klotz, 2009); design, construction, maintenance, 
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operation and deconstruction/demolition. Although, it is ideal for a finished building to be 
consistent with its conceptual plan and design, frequent, waste-generating changes to 
specifications impede the attainment of such ideal scenarios. Therefore, lifecycle-phases 
of buildings should be planned so that wastes [that result in cost and time overruns] are 
significantly reduced (Ahankoob, 2012). To achieve this goal, clients' requirements, 
alongside all changes, must be accurately reflected as specification information. 
METHOD 
Organisational learning that exploits the power of BIM (Watson, 2010) presents new 
opportunities for lifecycle planning which promotes sustainable, integrated design and 
construction. As industries typically consist of several organisations with shared interests, 
the construction industry in any nation can be likened to a macro-organisation. Research 
shows that organisations can learn from other organisations (Argote & Miron-Spektor, 
2011; Schulz, 2002) through interaction and observation of their knowledge repositories 
(Bruneel, Yli-Renko, & Clarysse, 2010). This paper takes an approach underpinned by 
the idea that developing construction industries, can benefit from observing and 
interacting with the knowledge repositories of developed countries - like one organisation 
learning from another - through knowledge transfer. 
On the premise of knowledge transfer, therefore, we posit that construction industries of 
developing countries can leapfrog those of developed countries through: 
• Organisational Learning; on this basis we draw an analogy of the two classes of 
organisations using the Sydney Down Under and Eko Atlantic City Projects as 
case study exemplars. 
• A BIM-Specifications (BIMSpecs) approach; on this basis, we show how 
specification information embedded in product libraries are key to lifecycle 
planning and sustainable design and construction. 
Comparative analysis of use-cases 
In this section, a contrast is drawn between aspects of the Down Under (Sydney, being an 
exemplar of a current sustainable city) and Eko Atlantic (Lagos, being a potentially 
sustainable city of the future ) projects as micro-exemplars of potential benefits that could 
be gained from the knowledge repositories of developed economies as developing 
countries plan for future cities.  
Sydney's Down Under Project, is based on a collaboration between the Surveying and 
Mapping Industry Council (SMIC) and the Geospatial Information and Technology 
Association aimed at addressing concerns such as: inaccurate data for replaced services, 
inconsistent work requirements for provision of new services and difficulties in detecting 
the sources of electrical faults (Morris, 2013). The aim of the project is visualising 
underground infrastructure in 3D format for use in building and non-building services, 
and creation of a central repository accessible to planners for future development of 
surface and sub-surface infrastructure (Australian Broadcasting Corporation, 2012). The 
scope of underground assets involved in the Down Under project includes: 
• 23,800 km of gas mains servicing 987,000 homes, 1.6 million homes and 
businesses linked to sewers, 8,720 km of storm water drains, 21,000 km of water 
mains to 1.7 million homes and 26,123 km of electricity cable (Morris, 2013). 
On the other hand, work on the Eko Atlantic City Project is still at its infancy. It is a 
major investment in expanding the infrastructure of Lagos and is expected to conform to 
the following projections on completion: 
• Length of city: 7 kilometres, average width of City: 1.4 kilometres, expected 
number of buildings: 3,000, expected resident population 250, 000 and number of 
plots for sale: approximately 1,500 (Elliott, Sieper, & Ekpott, 2011). 
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The investment, therefore, suggests the need for shared infrastructure necessary to 
support envisioned activities within the city as well as future investments in individual 
buildings and structures. The project already exhibits evidence of environmental 
sustainability through reclamation of land formerly lost to the Atlantic Ocean as a result 
of erosion (Eko Atlantic, 2013). Notwithstanding, there is no evidence of plans for 
economic sustainability that will take advantage of cost and time savings accruable from 
BIM-based design, construction and facilities management. 
Considerable investments in time and money have gone into retrospective work with 
volumes of outdated information in the Down Under project. The time invested in 
digitising information on pre-existing infrastructure and the cost of breaking through the 
surface of the cityscape in order to collate underground infrastructure could have been 
saved had a BIMSpecs strategy been available and adopted at the time of city design and 
construction. The following section shows the implementation of such a strategy. 
Tools and Data source 
To explore how an instance of Organisational learning in the AEC can be advantageously 
utilised in developing countries, we utilise the following tools: 
• A BIM authoring software - Autodesk's Revit software. 
• A Product Library - (Proprietary Product Library, (Duddy et al., 2013)) 
The data used in subsequent sections of this paper was produced utilising an existing 
model window object and an experimental window object from a product library.  
Result 
Figures 2.2 - 2.4, describe a series of steps for embedding specification information in the 
highlighted window object (figure 2.1) beyond its initial (generic) information content. 
 
 
Figure 2.1: Highlighted model window with original property sets 
 
1. The user selects a generic model object (in this case a sliding window for stud wall) 
within the model and consults the product library by clicking on the External Tool 
icon in the Add-Ins tab and selecting "Consult National Object Library" from the 
dropdown menu to access the content within the product library (figure 2.2) 
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Figure 2.2: Manufacturer Information and other specifications in the product  library 
2. Within the product library, users can select from a pre-populated list of windows that 
closely match the desired window specification  or search for specific properties in 
line with project requirements, like manufacturer information, from the library 
products (in this case, an SWA series 452 1200x800 Aluminium sliding window). 
 
Figure 2.3: Proprietary specifications export from product library to model 
3. Once satisfied with the product selection, the user clicks the "Import into Revit" 
button for the desired specifications to be embedded in the generic BIM object 
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Figure 2.4: Highlighted model window complete with proprietary project specification 
4. New property sets, complete with property set definitions from the product library, can 
then be viewed on the BIM property window and the library's own object inspector. 
DISCUSSION 
"Both product selection and specification writing are essential components 
of the process of incorporating sustainable design in the built 
environment." (Rosen et al., 2010) 
The BIMSpecs approach is vital for economic sustainability for two reasons: 
• Increased cost and time over and above budgets and schedules are considered two 
of the more significant agents of wastes in the construction industry (Osmani et 
al., 2006); 
• Misinterpretation of specifications is a key source of cost and time overruns 
(Oyedele et al., 2013). 
The volume of annual construction waste production has been estimated as: 164 million 
tonnes in the US (EPA, 2003), 70 million tonnes in the United Kingdom (Keys, Baldwin, 
& Austin, 2000), and over 16.5 million tonnes in Australia (ABS, 2013). Although only 
representative of a few countries, these figures suggest that the amount of waste a country 
records is directly proportional to the size of its construction industry. 
By implication, the smaller construction sectors of developing countries stand to benefit 
from adopting a BIMSpecs approach to building design and construction in order to 
minimise cost and time wastes by leveraging technology through systematic 
organisational learning. The time and cost wasted in updating models later on during 
project implementation can be reduced by substituting generic model specifications with 
project specifications early on during planning and design. Manufacturers' information, 
can be captured in their products within a product library so that on importing into BIM 
models, model objects already have accurate information embedded within them. This is 
a useful way of ensuring that waste is designed out during lifecycle planning. Model-
based cost estimation can thus be easier and more accurate as users are given the option 
to access manufacturers information in real-time rather than generic model information.  
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Potential Challenge and Prospects in with the BIM-Specs Approach 
In the drive towards leveraging product libraries and BIM tools to enhance organisational 
learning, it is useful for developing countries to carry out extensive studies of the 
challenges associated with such investments (Najjir, Love, & Runeson, 2012), and tailor 
technological adoption to suit local markets and requirements. The major potential 
challenge identified in this paper with the adoption of a BIM-Specs approach is the initial 
steep learning curve required for BIM adoption within established organisations (Weber 
& Hedges, 2008). However, it is expected, as has been shown in BIM-centric projects 
around the world, that the gains accruable from such an approach will outweigh the costs 
in the long term. 
By adopting lessons learnt from more advanced construction sectors, sustainable 
construction can be more easily achieved through a BIMSpecs approach which: offers an 
integrated way of representing and managing building information, assists in reducing 
design & construction costs through clash detection, coordination, and reduced 
duplication as well as assists in reducing lifecycle costs through easy access to project 
information (Utiome & Drogemuller, 2013). Therefore, in urban planning and modelling 
of cities of the future, developing countries can plan to better deal with the challenges 
currently being faced in many developed nations of the world. Through knowledge 
transfer, for example, potential pitfalls in design and construction can be avoided and 
whole building lifecycles can be planned with more accuracy and confidence. As is the 
case in some economies of the world (the UK, for example), instituting a policy 
framework (Lawton, 2007) which encourages the use of a BIMSpecs approach in view of 
its benefits to building design and construction is a useful avenue for stimulating 
knowledge transfer from developed to developing countries. 
CONCLUSION 
Specification changes during building design, construction and management are 
inevitable (Rosen et al., 2010), hence, it is essential that the entire lifecycle of the 
building be planned such that wastes in cost and time are as few as possible, if at all. This 
paper takes the standpoint of minimising cost and time related waste through embedding 
specification information in BIM models with a view to ensuring that these wastes which 
typically manifest as reworks, legal disputes (due to changes in specification), etc are 
amply planned for and handled throughout the lifecycle of buildings. 
The construction sectors of developing nations have great potentials for growth (KPMG, 
2013). As these infant industries witness rapid growth and compete with those of more 
developed sectors, efforts to stimulate economic growth through major construction 
works have begun in earnest as exemplified in the Eko Atlantic City case study. The 
adoption of  a BIMSpecs framework for building design and construction in 
environments with such high growth potential, therefore, wields the power to both 
increase the competitiveness of the fledgling construction sectors as well as enhance the 
attainment of economically sustainable developments with evidence of reduced 
construction wastes in terms of cost and time overruns. 
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